] When compared with the reference group of executive, administration and managerial occupations, three occupational groups had significantly (p50.05) higher PRs of current asthma: ''Teachers, all levels, and Counselors' (PR 1.3, 95% CI 1.1-1. 6%); 'Administrative Support, including Clerical'' (PR 1. 5, 95% CI 1.2-1.9%); and ''Other Health Services'' (PR 1.5, 95% CI 1.2-1.9). Half of the 2511 ACBS respondent workers (55.1%) indicated that they believed exposure at work had caused or worsened their asthma, but only 10.7% had ever spoken with a health care professional about their asthma being work related. Conclusions: Some occupations have a higher prevalence of current asthma than other occupations. The systematic collection of industry and occupation data can help identify worker populations with a high burden of asthma and can be used to target disease prevention efforts as well as to aid clinician recognition and treatment. Workers indicated that work-related asthma exposures are not discussed with their health care provider and this communication gap has implications for asthma management.
Introduction
Asthma is a common lung disease and a serious public health problem. Work-related asthma (WRA) is a common occupational lung disease in many industrialized countries [1] [2] [3] . Workplace exposures likely cause or exacerbate asthma in a significant portion of adult workers, with estimates ranging from 5% to 44% [3] [4] [5] [6] . A 2003 statement by the American Thoracic Society estimates a median population attributable fraction (PAR) for the occupational contribution to the burden of asthma at 15% with reported and calculated PARs from a variety of studies ranging from 4% to 58% [4, 7] . WRA can include both new onset occupational asthma and work-aggravated or work-exacerbated asthma (WEA), where existing asthma is made worse due to work exposures. Among adults with asthma, WEA is frequent, with an estimated median prevalence of 21.5% and may resemble new onset occupational asthma cases in many respects (e.g. severity, medication and loss of income) [6] . Workers with WRA have higher asthma severity (e.g. frequency of symptoms, night time awakenings, interference with normal activities), higher health care utilization and poorer asthma control than individuals with non-work-related asthma [6, 8] . Asthma is a costly disease. In the United States, occupational asthma costs (medical costs based on hospitalizations) in 2007 were estimated at $2.29 billion dollars [9] .
Population-based national estimates for WRA by occupation have been published from the National Health Interview Survey (NHIS) and National Health and Nutrition Examination Survey (NHANES) but there is an absence of state-level estimates of WRA by occupation [10] [11] [12] [13] The Behavioral Risk Factor Surveillance System (BRFSS) Asthma Call-Back Survey (ACBS) provides national and state estimates for the prevalence of asthma and WRA. Most states participate yearly, and Washington State has conducted the ACBS annually since 2006 [14] . In the ACBS, health care professional-diagnosed WRA cases are defined as those where respondents indicated that they had been told by a health care professional that their asthma was work-related; ''possible'' or ''potential'' WRA cases include respondents who self-assess whether their asthma symptoms are caused or worsened by any current or past job [15] . This convention will be used in all further discussions of WRA/possible WRA from ACBS questions and through the remainder of this study.
A study of 2006-2007 ACBS data estimated the national (33 states and DC) proportion of adults with current health care professional-diagnosed asthma to be at 9.7% and the correspondent proportion for WA state at 6.5% [16] . Knoeller et al. [15] , using the BRFSS ACBS survey data, estimated the national proportion (38 states and DC) of ever-employed adults with current health care professional-diagnosed WRA was 9.0% [15] . The WA state estimate was 7.0% [15] . The national estimate for possible WRA was 47.5% and the WA state estimate was 44.8% [16] .
Mazurek et al. [17] estimated that the proportion of incident health care professional-diagnosed work-related new-onset asthma among adults that was work related was 4.7%; this proportion increased to 18.2% when ''potential'' new-onset occupational asthma cases were included [17] .
In a study of three states, Lutzker et al. [8] found that 8.2-11.6% of workers believed their asthma was caused by their current job; 17.8-24.2% thought their asthma was aggravated by their current job and 52.8-53.3% believed their asthma was caused or aggravated by any job they ever had [8] .
The ACBS also provides valuable data regarding asthma and WRA by asking those with asthma questions on diagnosis, medication use, hospitalizations, asthma outcomes, quality of life and financial barriers to care. When compared with those with non-WRA, health care professional-diagnosed WRA was associated with worse health-related quality of life as measured by poor self-rated health, impaired physical and mental health and activity limitation [18] . Persons with current health care professional-diagnosed WRA were more likely than those with non-WRA to have asthma attacks, urgent treatment for worsening asthma, asthma-related emergency room visit, poorly controlled asthma and asthma-related hospitalizations [19] . Persons with health care professional-diagnosed WRA were also more likely than those with non-WRA to have at least one financial barrier to asthma care [19] . When compared with those with potential WRA (not health care professional-diagnosed but answering ''yes'' to any of the questions self-assessing that work exposures caused or worsened their asthma), individuals with health care professional-diagnosed WRA had poorer asthma control and more frequent unscheduled health care visits [20] .
The burden of asthma in WA has been previously described through a surveillance system utilizing workers' compensation records and telephone interviews. We have identified contributing exposures, industries and occupations associated with increased WRA in Washington [21] [22] [23] [24] . Using workers' compensation data may underestimate the magnitude of work-related asthma due to barriers in reporting and recognition of the disease's work relatedness [21] . Using the WA BRFSS data along with coded BRFSS occupation responses allows us to estimate the population-based prevalence of asthma by occupation in WA. Questions in the ACBS provide estimates of the percentage of asthma by occupation that may be attributable to work.
Methods
BRFSS is an annual, Centers for Disease Control (CDC) funded, state-based, random digit-dialed, landline telephone survey of the noninstitutionalized adult (18 years) US civilian population.
The BRFSS ACBS is conducted yearly. ACBS contacts BRFSS respondents who identified themselves as having ever been told by a health care professional that they had asthma (''lifetime asthma'') and asks questions about asthma symptoms, treatment, knowledge of asthma and management, household and living environment and questions on workrelated asthma [25] . WA BRFSS and ACBS data from 2006 to 2009 were analyzed.
The WA BRFSS survey questions and protocols were approved by the Washington State Institutional Review Board.
BRFSS survey questions
BRFSS collects data on health-related behaviors and health conditions. In addition to the CDC core questions, states may also select additional CDC modules or develop their own questions to include on their state's BRFSS. BRFSS core questions include data on age, gender, race/ethnicity, smoking status, weight, height and current employment status.
Asthma status
BRFSS definitions for lifetime and current asthma were used ( Table 1) . As the ACBS is conducted up to 2 weeks following BRFSS participation, when the ACBS is conducted, the respondent is asked to confirm and the results may not agree with the initial BRFSS interview. For ''lifetime'' and ''current'' asthma status, in accordance with CDC guidelines [14] , the ACBS interview response is used when there is disagreement between the initial BRFSS response and the ACBS response.
ACBS questions on work-related exposures
Several ACBS questions on work relatedness were combined for our analysis (Table 1) . For example, the four ACBS questions on work environment exposures were combined into one item for analysis ''Asthma symptoms caused or worsened by any current or past job'' which indicates potential WRA (Table 1) .
Occupation question and coding
BRFSS respondents are asked if they are currently employed for wages, self-employed, out of work for more than 1 year, out of work for less than a year, a homemaker, a student or retired. 
Occupational groups and reference group
A priori, we aggregated the detailed occupations into 19 occupational groups (Table 2) using the structure of the Census Occupational Classification system [28], which groups occupations according to similar work activities. We intended to maximize the number of occupational groups available to discern meaningful differences, while maintaing appropriate numbers of respondents in each group. To identify occupations with higher prevalence of current asthma, prevalence ratios (PRs) were calculated for the 19 occupational groups; the reference group used was the ''Executive, Administrative and Managerial'' occupational group. Blinded to asthma status, this occupational group was selected as the reference under the assumption that it would be composed of occupations that may be less likely to be in contact with chemicals, smoke, fumes or other possible workplace exposures.
Occupations in the reference group were cross-checked with The Occupational Information Network (O*Net OnLine) list for similar occupation titles in their ranking of ''occupations exposed to contaminants (such as pollutants, gases, dust or odors)'' [30] to confirm that they had low exposure scores (''infrequent, not every month''). However, these were not an exact match as O*Net uses Standard Occupational Classification (SOC) titles [31] , which differ from the Census Bureau Titles used in our data.
Study population
There were 92 467 BRFSS survey respondents during 2006-2009 in WA (Table 3 ). There were 6099 respondents who completed the WA BRFSS ACBS during the same time period (Table 3) . We included 41 935 (45.3% of 92 467) workers who were currently employed for wages or selfemployed and had valid occupation codes in this study. For the ACBS survey, we included 2511 (41.1% of 6099) workers who self-reported having lifetime asthma. During 2006-2009, the WA BRFSS cooperation rates ranged from 70.1% to 72.6% and the response rates ranged from 44.5% to 49.8% [32] [33] [34] [35] .
Analysis
Using the coded occupational responses and the BRFSS and ACBS questions, we estimated the prevalence of current asthma by occupational groups. We also estimated the prevalence ratios of current asthma by occupational groups using Poisson regression modeling procedures. The data were weighted to account for the BRFSS and ACBS sampling designs (CDC weighted to age-, race-and sex-specific state population estimates and respondent's probability of selection).
Analyses were performed using STATA software, STATA SE Version 12.0 (Stata Corporation, TX).
Results
The prevalence of lifetime and current asthma among workers in WA was 14.0% and 8.1%, respectively (Table 3) .
Demographic and personal characteristics (WA BRFSS)
Of the 41 935 workers in this analysis, the respondent workers' age ranged from 18 to 89 years, with a mean age Counselors'' (PR 1.3, 95% CI 1.1-1.6, p50.003), ''Administrative Support, including Clerical'' (PR 1.5, 95% CI 1.2-1.7, p50.001), and ''Other Health Services'' (PR 1.5, 95% CI 1.2-1.9, p50.001) ( Table 4) . When looking only at ACBS respondents (n ¼ 2511, a subset of the WA BRFSS respondents, data not shown), the results were similar. In addition to ''Other Health Services'' and ''Administrative Support, including Clerical'', the occupational group of ''Food Preparation and Services'' also had a significantly higher PR of current asthma (PR 1.4, 95% CI 1.1-1.8, p50.004) than the reference group.
Work Exposures (ACBS)
ACBS questions about work-related exposures, awareness of asthma being work-related (discussion with a health care professional) and impact on work and activities were analyzed (Table 5) . Approximately, half of the workers in the ACBS (55.1%) indicated that their asthma symptoms were caused or worsened by exposure to chemicals, smoke, fumes or dust in any current or previous job (Table 5) .
Further analysis of the 55.1% of workers who reported their asthma symptoms were caused or worsened by workplace exposures revealed differences in prevalence of self-reported potential WRA by occupation (Figure 1 ). There were nine occupational groups with higher prevalence of these self-reported causal or aggravating occupational exposures to chemicals, smoke, fumes or dust than the reference group of ''Executive, Administrative and Managerial'' (Figure 1 ).
There were very few respondents to the remaining ACBS questions regarding work exposures (Table 5 ) such as discussion of asthma being work related with a health care professional, changing or quitting a job because of exposures at work and impact on work or other usual activities. This lack of respondents limited further analysis by occupation. Reference group for prevalence ratio calculation. Bold font identifies significance at p50.05. Health Services'', had significantly higher prevalence of current asthma than the reference group. This is similar to occupations previously identified as having a higher prevalence of current asthma [12] . Over half of workers responding to the ACBS believed that their asthma was caused or worsened by current or past work exposures (Table 5) . This finding is similar to other states' ACBS survey results where 52-53% of respondents reported that current asthma was caused or aggravated by any current or previous job [8] .
For potential WRA (those who reported chemicals, smoke, fumes or dust caused or worsened their asthma in any current or previous job), several occupational groups had significantly higher prevalence (p50.05) than the reference group, including: ''Farming, Forestry & Fishing''; ''Construction and Extraction''; ''Mechanics, Repairers, Precision Production and Plant & System Operators'' and ''Other Health Services'' (Figure 1) . It is reasonable to believe that workers in these occupational groups face higher exposures to chemicals, dust and other agents that may cause or worsen their asthma than those employed in the reference group.
Estimates of current asthma may be biased toward occupations with better access to health care providers (reported health care professional diagnosis of asthma is what is counted as ''lifetime'' asthma and also what triggers possible selection by the ACBS). We speculate that this could be the case for ''Teachers, all levels, and Counselors'' in this study, who reported a high prevalence of current asthma (Table 4) , but did not report a significantly higher prevalence of work exposures causing or worsening their asthma (Figure 1 ). In contrast, the ''Farming, Forestry, Fishing'' occupational group had a very low prevalence of current asthma (Table 4 ), but reported significantly higher prevalence of potential WRA (Figure 1 ). Workers who had asthma when exposed at the workplace and subsequent symptoms may migrate to jobs with higher or lower exposures. Therefore, prevalence of current asthma (Table 4) may not align with the prevalence of potential WRA (Figure 1 ). Workers with asthma may also be aggravated by other non-work exposures or allergens. The attributed agent also varies by industry and occupation, with some groups like workers in the Education industry, that have been shown to have greater than expected percentage of asthma exacerbations attributable to ''Dusts'' and Health Care workers to ''Sensitizers'' [36] . This may also account for some of the differences between occupations reporting higher prevalences of current asthma and those reporting higher prevalences of potential WRA. The higher prevalence of current asthma or asthma symptoms among occupations groups including office workers and administrative support, personal care and service occupations, agricultural occupations, mechanics and repairers, and equipment cleaners are consistent with this hypothesis and with previous reports in the literature [10, 13] .
Very few individuals (10.7%) had spoken with a health care professional about work relatedness of their current asthma or symptoms (Table 5 ). This confirms a previous study using the same ACBS questions which concluded that only 13-25% of adults with lifetime asthma had ever discussed their asthma being work related with a health care professional [8] . A study using National Health Interview questions found that 13.5% of employed adults with current asthma had been told by a physician that their asthma was work related or had ever discussed the topic of asthma and work relatedness [37] . This communication gap has implications for clinicians involved in asthma management. When WRA is not well recognized or understood, clinical asthma management and exposure control are challenged. This lack of doctor-patient communication also has implications for under-reporting in surveillance systems that rely on health care provider recognized WRA.
Strengths and limitations
This study is the first use of BRFSS ACBS data by occupation, and the BRFSS is a representative sample of the population. Many states participate in both BRFSS and ACBS and a growing number ask questions on industry and occupation that can be used to analyze a variety of conditions. NIOSH offers access to newer auto-coding software free of charge [38] , as well as coding training and other resources for those interested in coding industry and occupation [39] . However, this study is subject to some limitations. The BRFSS and ACBS asthma and WRA measures are self-report measures that have not been validated. These self-reported measures may be subject to recall or other bias. There are no questions on the ACBS that ask about specific lower respiratory symptoms such as wheezing that could corroborate self-reported asthma and WRA. Occupation was asked on the BRFSS, not on the ACBS. Although employment status and occupation held may have changed by the time the workers participated in the ACBS, this is unlikely because the ACBS is conducted within 2 weeks of participation in the BRFSS [14] . Coding was done by NIOSH-trained coders and auto-coding software, however, due to the nature of how occupations are reported and coded, there is opportunity for misclassification and there are no actual exposure data. The reference group selected may have exposures similar to other groups. Days of missed work/usual activity may be influenced by occupation and the availability of paid sick leave. Estimates of lifetime or current asthma may be biased toward occupations or population groups (e.g. women [40] ) that are likely to report their symptoms to a health care provider (Table 4) as these estimates are predicated on conversations with a health care provider (Table 1 ). Another limitation is the possible migration of workers with asthma away from jobs with high exposures to jobs with low exposures. Current occupation may differ from the occupation in which asthma symptoms developed, as workers may change jobs following an asthma diagnosis and thereby ''self-select themselves out of occupations where exposures cause or worsen asthma symptoms'' [10] . Although 28.7% of respondents had ever changed or quit their jobs because occupational exposures had caused or worsened their asthma (Table 5) , there were not enough respondents to this question to analyze by occupational groups. Moreover, many other factors (e.g. personal, social and economic) may play a role in a worker's decision to leave or stay at a job where occupational exposures may be causing or worsening their asthma.
This research points to the importance of getting occupational histories from and considering occupational exposures in all patients presenting with asthma. The recognition of the possible work relatedness of asthma is crucial for a clinician's approach to diagnosis and treatment [41] . Identifying occupations with higher burdens of asthma and consideration of possible occupational exposures is valuable in prioritizing disease prevention efforts and for the evaluation and treatment of asthma.
Conclusions
The prevalence of asthma varies by occupation and workers in some occupational groups report higher prevalence of occupational exposures causing or aggravating their asthma. As over half of respondents attribute their asthma to the workplace, surveys such as BRFSS and others should systematically include industry and occupation so that occupational populations with high asthma burden can be identified. Clinicians involved in asthma management should recognize the widespread nature of WRA, the importance of occupation and occupational history and the impact of workplace exposures in assessment and treatment. Identifying occupations with higher burdens of asthma and considering possible occupational exposures is valuable in prioritizing disease prevention efforts and for the clinical treatment of asthma.
